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Abstract 

Due to lack of “real” lunar soil or even lunar simulant, it is difficult to characterize the 
interaction between lunar soil (or simulant) with different surfaces that are involved in 
excavation and processing machinery. One unique feature possessed by lunar soil is the 
agglutinates produced by repeated high-speed micrometeoroid impacts and subsequent 
pulverization[l and 2], The large particles are impacted by micrometeoroids [Fig. 1 ] and 
pulverized to produce finer particles. This process continues until there are no more 
“large” particles left on the surface of the moon. Due to high impact speed, the impact 
melting process fuses fines to make agglutinates such as shown in Fig. 2. 



Figure 1. Micrometeoroid impact crater Figure 2. Agglutinate i-ooe-wo idoe-hk ujoe-km iooem 

Appled Stress [Pa] 


The PFC2D™ is a discrete particle simulation code that allows simulating discontinuous 
behavior of particle assemblies, which can eventually lead to a large-scale failure. Dave 
Carrier et al. conducted one-dimensional oedometer tests and the compressibility 
measurements on lunar soil samples [3]. We will present a series of simulation results 
and movies will be shown to indicate brittle behavior of each individual agglutinate and 
also similar compressibility charts shown by Carrier et al. [3], Fig. 3 shows our 
preliminary result of the simulated oedometer tests. 

Acknowledgements 

We acknowledge that this project is partially supported by NASA NNM05AA88C. Dr. 
Nakagawa acknowledges stimulating conversations with Dave McKay, Dave Carrier and 
Larry Taylor that inspired this work. 

References 

1. D.S. McKay, R.M.Fruland and G. FI. Heiken, “Grain size and the evolution of lunar soils”. 
Proceedings of the Fifth Lunar Conference (Supplement 5, Geochmica et Cosmochimica Acta) 
Vol. 1 pp. 8 87-906 (1974). 

2. W.W. Mendell and D.S. McKay, “A Lunar Soil Evolution Model”. The Moon 13 (1975) 285-292. 

3. Lunar Sourcebook, edited by G.H. Heiken, D.T. Vaniman, and B.M. French, 1991, Cabmbridge 
University Press. 



ernational Lunar Conference 



Masami Nakagawa: Colorado School of Mines 







Martian Missions 




CL) , CL) c/) 



UL 


V 

{/) 

Z 

2 T3 

L. 

ro 

O 0) 

= > 

3 

Q o 

C 




0/y^ 

If 2^ ' 

*lsl. 



Material Properties or Geotechnical Index Properties 



Mechanical Properties 




Q 

I 

(f) 




mzL 

, .&C 

ipil 


CD 


: i 












I 

r— 


Granular Materials Research 



i§5g' 

s o S 
* o 5 Si 




Tribocharging 




















- 1—1 
I '"I 

-9 

IU 


cu 





— O QJ 

fa -H jc 

£ a a 

o c 5 
ji ow 
LU CJ — 


</) 

<u p H 
cn b ^ 

J= 3 £ 
<T3 u l_ 
JC U =3 

u < m 


\ \ \ \ \ \ \ 


\- \ \ \ \ \ \ 


\ \ \ \ \ i> \ 


\ \ 



\ % 


i i 


\ \ 


a =t 
§ 

5 5: s 
















































Space Infrastructure 
Starsys Research 




I 

ft 


8 


^0 


b-£ 


<o 

^ 3 l Sfl 

Qj QJ 

>J ^ § 

-c* -IS aj 

nl 


I 


I 


.<u 


X 


£ 

Qj 


Cl ^ ^ 
^1 




O 

^4 


to 


$ 


i 

u 


■g 

§ 

i 


§ 

X 


§ 

03 


c 


I 


So 

Qj 


$ 

S$ 

o3 

i 

Sfi SO 
SU £ 
<j O 

D5 


.5 


s* 

^x 


&2 

p ^ 

it 


^0 


<L> £ 


1 

■& 

I 

! 

<8 «$: «; 


tn f 

Sa 

^c 


iU 


5 


S5 l 

&£ 



-=: at ^ o u 

,i^ n ^ 

■v — , Xi 7 ^ CD 

_i_t iw> -—, tq -—. 


x, 

v 

3 
*» 
j 

2 

J 

X. 

X. 

4 


X. 

J 


Reducing risk by translating ^ ^ 

technology into application* ♦ Classic, Esoteric & Arcane 

specific ruggedized products. Systems 

Project Management, Definition # Reverse-Engineering 

and Realization. 






Advanced Space Technology Program (ASTP) 
Spiral 2 Human Lunar Return 
Spiral 3 Sustained human presence 
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Electrostatics Chamber, a large fully-automated and charge of dust particles suspended in the 

vacuum chamber which simulates the temperature, Martian atmosphere by miniaturizing a 

pressure and atmospheric constituents of Mars. commercially available device called the E-SPAR r 

Diurnal cycling can also be performed as a function developed by our collaborators at the University of 

of latitude. Arkansas at Little Rock, 
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•Used to fully characterize the fine 
fractions of numerous Apollo and Luna 
soils. 



JiJsJfJ rL A cjiJJ 






Laser vorticity probe 
Hot wire vorticity probe 
Drop tower rigs 

Used commercial Computational Fluid Dynamics, CFD, package (Fluent) 
and developed CFD codes 


